INTRODUCTION
Interbody cages made of various materials and shapes have been used to treat lumbar degenerative disease. The cages were primarily used for fixation; maintenance of lumbar lordosis became more important as bone fusion rates improved. 1 Loss of lumbar lordosis causes sagittal imbalance of the spine, resulting in the flatback syndrome. 2 Instrumentation surgery of the lower lumbar spine is a main cause of iatrogenic flatback deformity. [3] [4] [5] Although bone fusion and clinical outcomes after posterior lumbar interbody fusion (PLIF) using horizontal cylinder (HC) type cages were favourable, the intervertebral body angle in the upper adjacent level increased by about 2º (Fig. 1) . This was likely to induce intervertebral disc degeneration and hence adjacent intervertebral disorders. Since then, we have used open box (OB) type cages with a 3º lordotic angle to compensate for the increase in the upper adjacent intervertebral body angle. However, the angle still increased by about 2º (Fig. 2) . We therefore compared the sagittal alignment of the lumbar spine after onesegment PLIF using the HC-or OB-type cages. Laminectomy and bilateral facetectomy were performed, and the resected bone fragments were used for bone grafting. They were packed into the ventral intervertebral space after discectomy, followed by insertion of 2 cages into the segment. No transverse fixator was used. The patients were instructed to leave bed after one week, and wear a soft corset for 3 months.
MATERIALS AND METHODS

Between
Lateral radiographs of the lumbar spine were taken in the standing position before surgery, immediately after surgery, and at final follow-up to measure: (1) the lumbar lordosis (the angle between tangent lines to the inferior endplates of L1 and superior endplates of S1), (2) the intervertebral body angle (the angle between tangent lines to the inferior endplate of the vertebra above and the superior endplate of the vertebra below), and (3) the intervertebral body angle of the upper adjacent level.
Radiographs were reviewed independently by 2 observers. Intra-and inter-observer errors were estimated at 3º as the mean of the differences. Differences of >3º were measured again. Intra-and inter-group comparisons were made using the paired and unpaired Student's t tests, respectively. A p value of <0.05 was considered statistically significant. 
RESULTS
There was no significant difference between the 2 groups in terms of patient age, operating time, and blood loss (Table 1) , or changes in the lumbar lordosis and intervertebral body angle in the fused and upper adjacent levels ( Table 2) . In both groups, the upper adjacent intervertebral body angle increased significantly by about 2º.
DISCUSSION
Fixation for lumbar degenerative disease should enable bone fusion in the optimum sagittal alignment. Nonetheless, the normal sagittal alignment of the spine is not known. 2 Advantages from using interbody cages combined with autologous bone grafting of resected vertebral bone fragments include improvement of primary fixation, dilation of the intervertebral space, and avoidance of iliac bone harvesting.
In our study, sagittal alignment following lower lumbar one-segment PLIF was similar after use of the HC-type cage or the OB-type cage with a 3° lordotic angle. The surgical procedure and insufficient cage lordotic angle are possible explanations for the lack of any difference in the upper adjacent intervertebral body angle between the 2 groups.
In both groups, an intervertebral distractor was inserted following the insertion of pedicle screws. It was temporarily fixed for reaming of the cartilaginous endplate. After reaming, 2 cages were inserted, a compression force was loaded between the pedicle screws, and the rods were tightened. However, insertion of an intervertebral distractor alone does not extend the angle between fixed intervertebral bodies. In the HC group, the posterior osseous endplate was partially destroyed by a reamer, and thus reaming in the posteroanterior direction was not homogenous, resulting in retention of the preoperative intervertebral body angle. In the OB group, the cartilaginous endplate was homogenously curettaged, but the anterior region might not have touched the endplate when the intervertebral body angle was large.
The lordotic angle of the OB-type cage may have been insufficient. The lumbar intervertebral body angles increase with descending lumbar levels, and normally, the angles of L4 to L5 and L5 to S1 are ≥10º. 7, 8 In a study of lumbar lordosis in 50 volunteers with a mean age of 18 years, 9 the lordotic angle was 59º, and 59% of lordosis was produced by L4 to S1. Thus, both types of cages may be insufficient to maintain anatomical intervertebral body angle for the lower lumbar spine. In a study of sagittal alignment following instrumented PLIF using rectangular and wedgeshaped cages, 10 the lumbar lordosis (L1 to S1) decreased with a rectangular cage but increased with a wedge-shaped cage. When wedge-shaped cages were used, the segmental lordosis of L3 to L4 and L5 to S1 was within one standard deviation of that in the healthy population, but segmental lordosis of L4 to L5 was less than the anatomical range. The 3º cage lordotic angle was insufficient to maintain segmental lordosis of L4 to L5. This was a consistent finding in our study.
Loss of L5 to S1 lordosis and a shift of the thoracic and lumbar curve peaks are most closely involved in the anterior shift of the sagittal vertical axis. 2 Anterior shift of the sagittal vertical axis induces intervertebral disc degeneration, resulting in low back pain. 2 A sagittal plumbline falls significantly further forwards than in asymptomatic controls. 11 Not all patients with iatrogenic reduction of lordosis develop symptoms, but fixation to maintain a favourable lumbar lordosis is important.
Intra-operative positioning, 7, 8 characteristics of the pedicle screw system, and cage geometry may also determine the post-PLIF lower lumbar lordosis. The optimum intervertebral body angle cannot be achieved by cage geometry alone. Further research is necessary on developing cage geometry that does not place a load on adjacent segments while maintaining an overall lumbar lordosis and intervertebral body angle, as is optimum for dilation of the intervertebral space, and cage insertion.
